women and Caucasians than the younger group. Patients in the older group more frequently had vascular risk factors including hypertension, previous stroke, transient ischemic attacks and atrial fibrillation. However, baseline risk-factor profile, stroke severity, and time to randomization did not differ between the treated and nontreated elderly patients. The older patients treated with NeuroFlo had significantly higher chances for survival and for obtaining an independent functional state (mRS ^ 2) compared with those who were not treated. Rates of SAEs and ICHs did not differ between the treatment groups. Conclusions: NeuroFlo treatment is safe and results in better outcomes for elderly patients. This may be the result of recruitment and support of already existing collateral systems in these patients.
flow (CBF) even after the occlusion is removed [1] . The NeuroFlo TM catheter (CoAxia, Inc., Maple Grove, Minn., USA) is a novel device with dual balloons that are used to obstruct the abdominal aorta above and below the origin of the renal arteries during a 45-min procedure. NeuroFlo has been previously studied in patients with symptomatic vasospasm after subarachnoid hemorrhage [2] , in a small number of patients with an acute ischemic stroke treated with tissue plasminogen activator [3] , and in patients with MRI mismatch who were treated up to 24 h following stroke onset [4] . The Safety and Efficacy of NeuroFlo Technology in Ischemic Stroke (SENTIS) trial was a prospective, randomized, multicenter trial that evaluated the safety and efficacy of CBF augmentation in patients with acute ischemic stroke randomized within 14 h of symptom onset [5] . It is likely that CBF augmentation opens existing collaterals in the brain, leading to an increase in penumbral perfusion that ultimately minimizes infarct growth [6] .
Increasing age has been found to be a marker for poor outcome following stroke [7, 8] . Older age has also been associated with increased risk of bleeding following thrombolysis in acute stroke patients [7, 8] . These findings resulted in the exclusion of elderly patients from many stroke studies as well as from treatment with thrombolytic drugs in clinical practice [8] . In this article, we report the post hoc findings of the effects of age on outcomes in the SENTIS trial.
Methods
The SENTIS trial methods and primary results have been previously reported [5] . In brief, the trial enrolled patients who were 18 years and older, presented with acute cerebral ischemia with hemispheric cortical dysfunction, had a presenting NIHSS score 6 5 and ^ 18, and could be randomized within 14 h of symptom onset. In the current analysis of the SENTIS data we focused on the effect of age on patient outcomes. The SENTIS trial was registered on www.ClinicalTrials.gov (NCT 00119717).
Patient Population
A total of 515 patients were enrolled in the SENTIS trial. Of these, 28 patients were excluded due to prespecified anatomical exclusions to NeuroFlo insertion and treatment, 5 patients assigned to the treatment arm did not receive NeuroFlo treatment, and 1 patient assigned to the control arm received NeuroFlo treatment (protocol deviations). This resulted in a modified-as-treated population comprised of 487 patients (226 treated and 261 not treated). There were 251 enrolled patients 6 70 years (111 treated and 140 not treated) of which 246 (108 treated and 138 not treated) had evaluable data at 90-day follow-up. Moreover, there were 107 enrolled patients 6 80 years (52 treated and 55 not treated) of which 102 (40 treated and 53 not treated) had evaluable data at 90-day follow-up. Safety outcomes were based on all enrolled patients; efficacy outcomes were based on all patients with 90-day (or 30-day carried forward) evaluable data. Figure 1 shows the randomization and treatment cohorts for the SENTIS patients in both age groups.
Outcome Measures
Safety outcomes evaluated included the incidence of serious adverse events (SAEs) from the time of enrollment through 90-day follow-up (including intracranial hemorrhage), freedom from all-cause mortality, and freedom from stroke-related mortality. An independent Data and Safety Monitoring Board adjudicated all adverse events. The efficacy outcome evaluated in the current analysis was the percent of patients achieving an independent functional outcome defined as a modified Rankin score (mRS) ^ 2 at 90-day followup [9] . The 90-day mRS assessments were conducted by certified assessors blinded to the patients' treatment allocations. We also examined mRS outcomes using a tetrachotomized shift analysis (mRS 0-2, 3-4, 5, 6) to assess good outcomes, fair-to-moderate outcomes, severe disability, and mortality between the treated and nontreated groups in the 6 80-year-old cohort.
Statistical Analyses
All analyses presented were based on the modified-as-treated population [5] . The age categories were based on the age of 80 having been the age by which the Cochran-Mantel-Haenszel test was stratified in the primary trial analysis and 70 being the median age of the SENTIS trial population.
For continuous variables, summary statistics included means, standard deviations and medians. Categorical variables were summarized using counts and percentages. Statistical comparisons between groups in baseline demographics were made using 2-sample Wilcoxon tests (continuous variables) and Fisher's exact tests (categorical variables). Kaplan-Meier curves for freedom from all-cause mortality were created for treated and nontreated patients based on the 80-year stratum. The outcomes of mRS ^ 2, all-cause mortality, and stroke-related mortality were analyzed using logistic regression and were adjusted by treatment group, age, and baseline stroke severity (NIHSS score). Models were fit within each age strata. Odds ratios (OR) of survival are reported for all-cause and stroke-related mortality.
A Cochran-Mantel-Haenszel test of proportions stratified by stroke severity was used to compare the proportions of patients experiencing SAEs and intracerebral hemorrhage (ICH) in the treated versus nontreated groups within age strata. Adjusted OR, 95% CI, and p values were obtained from these statistical models.
Two-sided statistical tests were used and no adjustments for multiple comparisons were made. Statistical analyses were conducted in SAS version 9.1 or higher (SAS Institute).
Results

Demographics and Baseline Characteristics
The baseline characteristics of the entire SENTIS cohort were presented previously [5] . In this analysis, we focused on the effects of age on outcome. We first compared baseline variables between the entire cohort of patients who were ! 70 and those 6 70 years and between patients ! 80 and those 6 80 years (treated and not treated). The results ( table 1 ) show that in both age strata the percentage of women and Caucasians was higher among the elderly patients. They also suffered more frequently from comorbidities including hypertension, prior stroke, transient ischemic attacks, and atrial fibrillation, but were less frequently smokers. Although the initial stroke severity did not differ between age groups, the elderly patients were randomized somewhat earlier from symptom onset. Other variables including the frequencies of diabetes, peripheral vascular disease, stable ischemic heart dis- ease, the affected hemisphere, and admission glucose levels did not differ between the groups.
Next, we compared treated versus nontreated patients in the 6 70-year and 6 80-year age strata. The results ( table 2 ) show that there were no significant differences in baseline variables between the two groups 6 70 years. The nontreated patients 6 80 years were more frequently Caucasian and more frequently had a history of transient ischemic attacks. They also had a tendency towards having more peripheral vascular disease and myocardial infarction; although the presence of these comorbidities did not reach statistical significance. Importantly, other parameters including baseline stroke severity, time from stroke onset to randomization, and other comorbidities did not differ significantly between the treated and nontreated elderly patients.
Safety Outcomes
The results demonstrate that NeuroFlo treatment is safe. SAE rates did not differ between the treated and nontreated patients in either of the age strata ( table 3 ) . Although there was a higher rate of SAEs in the older age strata, the rates were not different from those seen in the nontreated patients of comparable age. Importantly for older patients, the rates of ICH were not different between the treated and nontreated patients in either age strata whether looking at symptomatic ICH [10] or ICH within 24 h or 90 days.
Multivariate logistic regression analysis for mortality showed that elderly treated patients had significantly lower all-cause mortality rates compared with elderly patients who were not treated [ 6 70 Table 4 shows the causes of death in treated and nontreated patients in both groups ( 6 70 and 6 80 years). Figure 2 shows the Kaplan-Meier curves for freedom from all-cause mortality in the 80-year stratum (stratified by treatment group and age stratum).
Efficacy Outcome
We then used a multivariate logistic regression model controlling for age and stroke severity to evaluate functional outcomes. As shown in table 5 , the treated patients 6 70 years had an OR of 1.98 (95% CI = 1.02, 3.87) for good outcome (mRS 0-2) compared with the nontreated patients in the same age strata. The treated patients 6 80 years had even greater treatment benefit with an OR of 4.03 (95% CI = 1.35, 12.09) compared with the nontreated patients in the same age strata. A good outcome (mRS ^ 2) at 90 days was 2-4 times more likely in the elderly treated patients compared with the elderly nontreated patients. Figure 3 shows that elderly patients are less likely to attain independent functional outcomes (mRS 0-2), but NeuroFlo treatment can mitigate poorer outcomes. The frequency of moderate-to-poor outcome (mRS [3] [4] [5] was comparable between the groups ( fig. 4 ) .
Discussion
Because the average age of populations in Western civilizations is constantly increasing, it is estimated that many more octogenarians and nonagenarians will suffer from stroke in the ensuing years [11] . Yet, despite having evident benefits from therapy, these patients are frequently excluded from the intravenous [7, 8] or endovascular reperfusion treatments [12, 13] that are the mainstay of current stroke therapy because of higher risks for complications [14, 15] . Many of these patients are left untreated and have a high risk for mortality or significant residual disability. Therefore, novel therapeutic options for these patients are desperately needed.
The findings of the current analysis suggest that the strategy of CBF augmentation with the NeuroFlo device may be especially effective in elderly patients. Similar to prevalent data on stroke-related comorbidities, we found an increased rate of major comorbidities among our elderly patients. Therefore, one could have expected outcomes to be less favorable in the elderly patients in our trial as well. However, in contrast to previous studies exploring outcome following systemic thrombolysis [8, 15] or endovascular vessel recanalization techniques [12, 13] , our results specifically show that elderly patients have better chances for survival and for obtaining functional independence after severe stroke when treated with NeuroFlo.
There are a number of potential explanations for our findings. In brief, few data are available on the association of age with collaterals in the brain. It has been hypothesized that there is a higher level of collateral failure with advancing age; hence, the relative benefit gained from Rates of independent functional outcome (mRS 0-2) at 90 days by age strata. The dark blue (dark gray in the printed version) column represents the treated group and the light blue (light gray in the printed version) column represents the nontreated group. Although there is no difference in independent functional outcome in the ! 70-year age stratum, the difference reaches statistical significance for the 6 70-year age stratum and is even more substantial at the 6 80-year age stratum. augmentation may be greater in the elderly than in younger patients. Another possibility is that older patients who have survived beyond 70 years of age may have developed more robust collaterals than those who died at earlier time points. This survival effect may result in the selection of elderly patients with preferentially more robust collaterals. Once these anastomotic collateral routes have been developed, it remains quite logical that collateral augmentation with NeuroFlo may confer greater benefit. In other words, the substrate for collateral therapeutics may be superior in the elderly population who present with stroke. Alternatively, collaterals may require higher perfusion pressures to become patent in elderly individuals and, therefore, may become available only after CBF augmentation. As is the case with patients with chronic ischemic heart disease, stroke patients tend to form collaterals over the years, potentially resulting in better outcomes [16] . Nevertheless, without CBF augmentation that takes advantage of the presence of these collaterals, these patients generally do poorly due to the presence of comorbidities [8, 15] such as heart failure that may prevent the opening of these collateral channels.
The data demonstrate that CBF augmentation using NeuroFlo is safe in elderly patients. Reassuringly, despite an expected increase in complication rates typically observed in these patients [15] , there was no difference in overall SAE rates or in the rates of symptomatic or asymptomatic intracranial hemorrhages between treated and nontreated patients even when treatment was given as late as 14 h after stroke onset. Importantly, these safety results suggest that NeuroFlo treatment can be applied in elderly patients even late after stroke onset, thereby potentially increasing the number of stroke patients that could be offered a potential treatment for the reduction of chronic disability.
The strength of our findings is that they are the result of a blinded, randomized trial with a large sample size. Limitations of the current analysis include: (1) the post hoc nature of the analysis; (2) possible type-I error inflation due to multiple comparisons; (3) the SENTIS trial was not originally powered to assess the effects of age on outcome, and (4) the collateral mechanism cannot be confirmed by this analysis. Furthermore, this analysis is based on the as-treated population, not the intent-totreat population; however, supporting analyses demonstrated similar results between outcomes in the as-treated and intent-to-treat populations. Finally, we cannot rule out the possibility that differences in the populations other than age may have contributed to differences in outcome. For example, the nontreated patients who were older than 80 were more likely to have a history of transient ischemic attacks and tended toward higher rates of vascular disorders that may have contributed to their poorer outcomes.
In conclusion, our findings suggest that CBF augmentation with the NeuroFlo intra-aortic device is safe and may be especially beneficial in elderly patients with stroke. NeuroFlo may represent a viable treatment option for patients who are at increased risk for complications with conventional stroke therapies and, therefore, are otherwise left without specific treatment.
